Many efforts have been made to explore the mechanisms underlying the gravity change related thrombotic and haemorrhagic diseases. The decrease in blood volume resulting from water deficit in the human body while in space has been considered as a risk factor for thrombotic-ischaemic diseases (1, 2, 9) . The abnormalities in the cardiovascular system evoked by gravity change, such as coronary vasospasm (1) , sustained rise in heart rate (10) , and arrhythmia have been also thought to play roles in the development of the thrombotic and haemorrhagic diseases (3, 4) . However, these risk factors only suggest the thrombotic and haemorrhagic tendency. On the other hand, the role of platelets which are the primary players in both thrombosis and haemostasis is still unknown. In addition, while the causes of some diseases following amusement park rides such as cerebral haemorrhage and chronic subdural haematoma remain difficult to be determined (11) , a research from three popular high-G roller coasters indicates that even for a conservative worst-case scenario, the highest estimated peak head accelerations induced by roller coasters were far below conventional levels that are predicted for head injuries (12) . It appears that the physiological effects of amusement park rides rather than the direct physical injuries may play important roles in the development of haemorrhagic and thrombotic diseases or even fatalities.
Platelets play a critical role in thrombosis and haemostasis. Under high-shear rate flow conditions such as in arteries and capillaries, the interaction of platelet glycoprotein (GP) Ib-IX with von Willebrand factor (VWF) exposed at injured vascular wall initiates platelet adhesion (13, 14) . Simultaneously, GPIb-IX-VWF interaction triggers the intracellular signalling cascade which leads to the irreversible platelet stable adhesion and aggregation, and consequently results in stopping bleeding or thrombus formation (15, 16) . VWF-GPIb-IX-V interaction also mediates the formation of platelet microaggregates under pathological shear stress (17) , or in patients with abnormally large VWF multimers resulting in thrombotic thrombocytopenic purpura (TTP) (18) . In this study we find that platelet functions are inhibited under simulated microgravity conditions and activated in high-G environments, suggesting a novel mechanism for gravity change related thrombotic and haemorrhagic diseases. Furthermore, glycoprotein (GP) Ibα surface expression and redistribution data indicated that the varied association of GPIbα with the cytoskeleton in response to gravity change may play a key role in gravity-related platelet functional variations.
Materials and methods

Antibodies and reagents
Monoclonal antibodies SZ2 against GPIbα and SZ51 against P-selectin (GMP-140) were generous gifts of Dr. Changgeng Ruan (Soochow University, Suzhou, China) (19, 20) . Purified human VWF was generously provided by Dr. Xiaoping Du (University of Illinois, Chicago, IL, USA). Ristocetin, Collagen and ADP were purchased from Sigma (St. Louis, MO, USA). Polyclonal goat anti-mouse P-selectin antibody sc-6941 was purchased from Santa Cruz Biotechnology (Santa Cruz, CA, USA).
Rotary cell culture system
To investigate the effect of microgravity on platelet function, a National Aeronautics and Space Administration-recommended and a widely accepted, ground-based, microgravity-simulating system, the Rotary Cell Culture System (RCCS) (Synthecon, Houston, TX, USA) was used to simulate microgravity conditions similar to those encountered during spaceflight (21) (22) (23) . Platelets were either rotated about a horizontal axis perpendicular to the gravitational vector to randomise gravitational vectors across the surface of the platelets and generate microgravity of about 10 -2 G, or rotated about a vertical axis parallel to the gravitational vector to experience normal gravitational forces and serve as a control (1 G) environment (21) (22) (23) .
Centrifuge for high-G force To achieve net hypergravity force, a custom-built slow-speed 30 cm radius centrifuge was used to produce hypergravity stress in platelet and mice experiments. Platelets or mice were placed on the plate of the centrifuge. Relatively low hypergravity and short time were inflicted on the platelets or mice to avoid platelet sedimentation or unwanted physical injury to the mice, respectively.
Animal model
The tail suspension-hindlimb unloaded model as previously described (24-27) was performed on six-to eight-week-old adult C57 black mice for 24 hours (h) to simulate microgravity. Briefly, the tail was placed in traction tape, which was attached to a swivel and crossbar setup that allowed the animals full mobility in the cage with the forelimbs. The tape should be loose enough to allow normal blood circulation but tight enough so that the traction tape will not peel away from the tail. The mice were maintained at 30° angle, head-down tilt for 24 h. The animals had ad libitum access to standard mice chow and water. The synchronous 1 G control mice that were matched for weight and gender were treated in the same way with the tail placed in traction tape except that the hindlimb unloaded for 24 h. The mice were anesthetised with intraperitoneal injection of pentobarbital and were subjected to tail-bleeding time test immediately after 24 h of suspension. For high-G experiments, the mice were anesthetised with pentobarbital. -8 Gx and 15 minutes (min) centrifugation was adapted to the mice using 30 cm radius centrifuge. The synchronous 1 G control mice were anesthetised and placed on a plateau with -1 Gx for 15 min. The mice were subjected to tail-bleeding time test immediately after centrifugation. All procedures performed in this study were approved by the Peking University Institutional Animal Care and Use Committee.
Platelet preparation and aggregation
Blood was drawn from healthy donors, and anti-coagulated with 1/10 volume of 3.8% trisodium citrate. Platelet-rich plasma (PRP) was obtained by centrifugation at 300 × g for 20 min and was incubated at 22°C for 2 h to recover to resting state as previously described (28, 29) . To prepare washed platelets, blood was anti-coagulated with ACD (85 mM sodium citrate, 111 mM dextrose, 71 mM citric acid). Platelets were washed with CGS buffer (12.9 mM sodium citrate, 33.33 mM glucose, and 123.2 mM NaCl, pH7.4) and resuspended in modified Tyrode's buffer (2.5 mM Hepes, 150 mM NaCl, 2.5 mM KCl, 12 mM NaHCO 3 , 5.5 mM D-glucose, 1 mM CaCl 2 , 1 mM MgCl 2 , 1 mg/ml bovine serum albumin, pH 7.4) to a concentration of 3 x 10 8 /ml, and incubated at 22°C for 2 h to recover to the resting state as previously described (28, 29) . After recovering to resting state, platelets were exposed to simulated microgravity, hypergravity, or simultaneously 1 G control at 22°C for different times. Platelet aggregation was induced by agonists immediately after the different gravity treatments, and was measured using a turbidometric platelet aggregometer (Pulisheng, Beijing, China) at 37°C with a stirring speed of 1,000 rpm. The sensitivity of platelets to agonists declined with time elongation, therefore, the amount of agonists was adjusted at each time point to induce a reasonable amount of 1 G control platelets to aggregate, then the 1 G control and the micro-or hypergravity-treated samples were tested simultaneously.
Platelet adhesion under flow
After recovering to resting state, washed platelets (3×10 8 /ml) were exposed to modeled microgravity, 4 G force, or simultaneously 1 G control at 22°C for different times, and then immediately perfused into a VWF-coated glass capillaries as previously described (28) . Transient adhesion of platelets on the VWFcoated surface was recorded on video recorder. Adherent platelets were counted in 10 randomly selected fields of 0.25 mm 2 within a 10-second time period.
Tail-bleeding time
Tail-bleeding times were performed with six-to eight-week-old adult C57 black mice. After 24 h of the hindlimb unloaded suspension or 15 min of -8 Gx centrifugation, the differently treated and simultaneously 1 G control mice were subjected to tailbleeding time analysis immediately. The tails were amputated 5 mm from the tip and immersed in 0.15M NaCl maintained at 37°C. Bleeding was visually followed and timed. Maximum bleeding time allowed was 10 min after which the tail was cauterised.
Tissue acquisition, processing, and staining
The heart, lung and brain were excised from the dead mice killed by -8 Gx force. The same organs were obtained from control mice which were matched for weight and gender, anesthetised by the same way, and killed by pulling the neck. The organs were fixed in 10% formalin and embedded in paraffin. Sections (4 μm) were cut and stained with hematoxylin and eosin (H&E). For transmission electron microscopy (TEM) analysis, paraffinembedded tissues were deparaffinised, and fixed with 3% glutaraldehyde for 2 h. After washing with phosphate-buffered saline (PBS), the tissues were postfixed in OsO 4 and embedded in Epon. Representative areas were chosen for ultra-thin sectioning and examined on a JEM-100 transmission electron microscope.
For immunohistochemical assay, tissue sections were deparaffinized in xylene, washed in alcohol and rehydrated in PBS. Antigen retrieval was performed in 0.02 M citrate buffer solution (pH 6.0) at 95°C for 30 min as optimised in preliminary studies. Endogenous peroxidase was blocked by 3% hydrogen peroxide (H 2 O 2 ) for 30 min. After washing with PBS, the sections were incubated with the rabbit serum for 20 min to avoid non-specific reactions. Then, the primary antibody, polyclonal goat antimouse P-selectin antibody was applied and incubated in a moist chamber at 4°C overnight. Immunodetection was performed using the streptavidin peroxidase detection kit. The secondary and tertiary antibodies were incubated in a moist chamber at room temperature for 30 min, respectively. Peroxidase was visualised using 3,3'diamonobenzidine solution containing 3% H 2 O 2 . Sections were counterstained with Mayer's haematoxylin, rinsed with running tap water, dehydrated, and cleared in xylene and covered with neutral balsam. In all cases, control sections were treated with secondary antibody alone, and the primary antibody was replaced with PBS.
Flow cytometry analysis of surface expression of platelet glycoprotein
After recovering to resting state, washed platelets (1×10 7 /ml) were exposed to simulated microgravity for 3 h, 4 G for 20 min, or simultaneously 1 G. Platelets were incubated with anti-GPIbα (SZ2), or P-selectin (SZ51) antibody at 22°C for 30 min. Platelets were washed once, and further incubated in the same buffer containing 10 µg/ml fluorescein isothiocyanate (FITC)-labeled anti-mouse IgG in the dark at 22°C for 30 min and then analyzsed by flow cytometry. As negative controls, platelets were incubated with mouse IgG and then incubated with FITC-labeled antimouse IgG.
The distribution of GPIb-IX-V
After recovering to resting state, washed platelets (3 x 10 8 /ml) were exposed to simulated microgravity, 4 G, or simultaneously 1 G for different times. Platelets were then lysed immediately by the addition of an equal volume of lysis buffer containing 2% Triton X-100, 0.2 mM E64, 1 mM PMSF, and 0.08 U/ml aprotinin. After lysed on ice for 30 min, cytoplasmic actin filaments were sedimented by centrifugation at 15,600 X g for 4 min. The platelet membrane skeleton was isolated from 15,600 X g supernatant by centrifugation at 100,000 X g for 3 h (30, 31). Precipitates were resuspended in one-tenth original volume with an equal volume of modified Tyrode's buffer and lysis buffer. Each sample was analyzed by SDS-PAGE, and immunoblotted with the anti-GPIbα N-terminal antibody SZ2.
Statistical analysis
Data from at least three sets of samples were used for statistical analysis. Means ± standard devistion (SD) are shown. Differences between groups were analysed for statistical significance by the Student's t-test or Mann-Whitney test, using InStat software. A p-value of less than 0.05 was considered significant.
Results
The effects of simulated microgravity and hypergravity on ristocetin-induced platelet agglutination To explore the effects of different gravity conditions on platelet function, PRP was exposed to simulated microgravity or 8 G force for different time, and then induced to agglutinate with ristocetin. Compared with the simultaneous 1 G control, VWF-dependent platelet agglutination was significantly decreased in platelets exposed to simulated microgravity at each time point ( Fig. 1A, B) . In the hypergravitational experiments, low concentration of ristocetin was used to induce a relatively lower agglutination in 1 G control platelets which would sensitively reflect platelet functional variations. The concentration of ristocetin was adjusted at each time point to induce a sensitive platelet response (Fig. 1C) . Since the variations of platelet agglutination were relatively larger due to the reason of enhanced sensitivity with low concentration of ristocein, the aggregation index was used for statistical analysis (Fig. 1D) . In contrast to simulated microgravity, ristocetin-induced platelet agglutination was sig-nificantly increased after platelets were exposed to 8 G for 2, 5, 10, and 20 min (Fig. 1C, D) . Thus GPIb-IX-dependent platelet aggregation is inhibited in simulated microgravity and activated in 8 G environment.
The effects of simulated microgravity and hypergravity on collagen-and ADP-induced platelet aggregation
To further confirm the effects of micro-and hypergravity on platelet aggregation, collagen, a physiological agonist, was used to induce platelet aggregation. PRP was exposed to simulated microgravity or 8 G force for different times, and then induced to aggregate with collagen. Similarly, platelets exposed to simulated microgravity presented a significant decrease of collageninduced platelet aggregation ( Fig. 2A) , and 8 G-exposed platelets showed an obvious increase of aggrregation (Fig. 2B) . These data further suggest that platelet function is inhibited in microgravity and activated in hypergravity.
In vivo, ADP released by the activated platelets plays a major role in the amplification of platelet aggregation via the P2Y(1) receptor and amplifies platelet activation via the P2Y(12) receptor (32) . Therefore, we further tested the effects of different gravity conditions on ADP-induced platelet aggregation. The results showed that modeled microgravity-exposed platelets displayed increased response to ADP (Fig. 2C ), but 8 G-exposed platelets displayed opposite response (Fig. 2D) , implying that platelet signaling system and reaction are intact under microgravity conditions, whereas they tend to be exhausted in hypergravity environments.
In addition, we also tested the effects of micro-and hypergravity on thrombin-induced platelet aggregation. No signifi- A) The six-to eight-week-old C57 black mice were anesthetised with pentobarbital and then subjected to -8 Gx or -1 Gx control for 15 minutes. B) The mice were subjected to tail suspension-hind limb unloading to simulate microgravity for 24 hours and anesthetised with intraperitoneal injection of pentobarbital immediately after the hind limb unloading. The synchronous 1 G control mice which were matched for weight and gender, were treated in the same way except that the hindlimb unloaded. The tail bleeding time was analysed immediately after the mice were treated with hypergravity or simulated microgravity. ◆, ▲ Bleeding time of individual mice. The bars represent median bleeding time of each group. Median bleeding time of mice exposed to -8 Gx was significantly decreased compared with that of 1 G control group (p=0.034) (A), whereas median bleeding time of mice subjected to simulated-microgravity was significantly prolonged compared with that of 1 G control group (p=0.004) (B). Three of 23 mice exposed to hypergravity died after -8 Gx and 15 minutes centrifugation or during the operational process of tail bleeding time.
cant difference was observed in thrombin-induced platelet aggregation between platelets exposed to modeled microgravity or high-G and 1G control (data not shown).
The effects of simulated microgravity and hypergravity on platelet adhesion to VWF
The physiological function of platelets is to adhere to the injured subendothelium via VWF under flow condition, to maintain the integrity of blood vessel and to stop bleeding (13, 14) . Thus, we examined the effects of micro-and hypergravity on platelet adhesion to VWF under flow condition. Washed platelets were exposed to modeled microgravity or 4 G force for different times, and then perfused into VWF-coated glass capillaries at a certain shear rate. Consistent with the observations in platelet aggregation, the adhered platelets on VWF surface were significantly decreased in modeled microgravity-exposed platelets compared with those of the controls, and were increased in 4 G-exposed platelets (Fig. 3A, B) . These data further verify that platelet function is inhibited in microgravity and activated in hypergravity.
The effects of simulated microgravity and hypergravity on haemostasis in vivo
To further verify the effect of gravity on platelet function observed in vitro, tail-bleeding time assay which is widely accepted for haemostatic function in vivo (29) , was performed in the mice exposed to high-G force or simulated-microgravity. -8 Gx and 15 min centrifugation was applied to mice for the hypergravitational study. Consistent with the observation of platelets in vitro, median tail bleeding time was significantly shortened in mice exposed to -8 Gx force (p=0.001) than those of synchronous 1 G controls (Fig.  4) . Unexpectedly, three of 23 mice exposed to hypergravity died during or after the process of -8 Gx and 15 min centrifugation, and this phenomenon only occurred in the hypergravity group throughout the whole experiment (consuming almost 300 mice), excluding the possibility that the mice died from anaesthesia or operational defects. To determine whether the coagulation system of mice is affected by hypergravity treatment, thereby leading to shortened tail bleeding time, prothrombin time (PT) and thrombin time (TT) (33) were examined in -8 Gx treated mice or -1 Gx controls. There was no evidence to indicate that the coagulation system was disturbed by hypergravity (data not shown).
Next, the tail bleeding time of mice subjected to tail suspension-hind limb unloading was assayed. Interestingly, the median tail bleeding time of hindlimb unloaded mice was significantly longer than that of synchronous 1 G controls (p=0.03, Fig. 4 ). Although hindlimb suspension in rodents has been generally used as a model to simulate the effects of microgravity (24) (25) (26) (27) , it does not eliminate gravity. Therefore, the mechanism of prolonged tail bleeding time in hindlimb unloaded mice is still unclear.
Platelet thrombi were disseminated in ventricle and blood vessels in the heart and brain, and the lung was compromised in mice dying from hypergravity To explore the cause of the sudden death, the brain, lung, and heart were excised from the mice dying from high-G or the control mice killed by pulling the neck. Pathological analysis revealed platelet thrombi disseminated in the heart ventricle and blood vessels in the brain, heart, and lung (data not shown) from the mice dying from high-G (Fig. 5A-C) , but not in controls (data not shown). The specification of platelet thrombi was further verified by immunohistochemical assay with an anti-P-selectin specific antibody which reacts with only activated platelets (Fig.  5B) and transmission electron microscopy (data not shown). There was no platelet thrombi in controls (data not shown). Moreover, dilatation of alveolar blood vessels, edema, and ex- travasation of red blood cells were found throughout the lung, suggesting that the obstacle of air exchange may be the casue of death (Fig. 5D-F) .
The effects of simulated microgravity and hypergravity on the surface expression of GPIbα Next, we tried to elucidate the mechanism underlying the effects of micro-and hypergravity on platelet function. Though several important receptors are involved in the physiological functions of platelets, the initial adhesion is dependent on the interaction between VWF and GPIb-V-IX under high-shear rate conditions (13, 14) . Particularly, the above data indicate that gravity has great effects on GPIb-V-IX-dependent platelet function. Thus, the surface expression of the key adhesion receptor GPIbα, the main functional subunit of GPIb-V-IX, was tested in micro-or hypergravity exposed platelets by flow cytometry. The results show that compared with 1 G control, GPIbα expression level was slightly but significantly decreased in platelets exposed to modeled microgravity, and was increased in 4 G-exposed platelets (Fig. 6) .
The role of gravity in the distribution of GPIbα
The GPIb-V-IX complex is attached to the platelet cytoskeleton for surface expression by the association of the cytoplasmic domain of GPIbα with the cytoskeleton protein actin-binding protein (ABP) (34) (35) (36) . To further explore the mechanisms of altered GPIbα surface expression in micro-or hypergravity exposed platelets, the association of GPIbα with the cytoskeleton was analysed by the detection of GPIbα in different components of platelets. Consistent with the surface expression, GPIbα was obviously detached from the cytoskeleton and presented in soluble components in modeled microgravity, in contrast, more GPIbα was attached to cytoskeleton in hypergravity (Fig. 7) . Thus, these results suggest that the altered association of GPIbα with the cytoskeleton in response to different gravity plays a key role in the variations of platelet function.
P-selectin surface expression is not different between platelets treated with simulated microgravity or 4 G and 1 G control
In vivo, the interaction of GPIbα with VWF exposed at injured vascular wall or pathological high shear stress triggers platelet activation and platelet thrombus formation. If excessive platelets are consumed, subsequently haemorrhage would be ineluctable. To further understand the effects of microgravity or hypergravity on platelet function, the activation state of platelets under different gravity conditions was examined by detecting the surface expression of P-selectin. The results show no significant difference in P-selectin surface expression between platelets exposed to modeled microgravity or 4 G and 1G control (data not shown). The effects of simulated microgravity and hypergravity on the distribution of GPIbα. Washed platelets were exposed to microgravity (A), 4 G (B), or synchronous 1 G for different times. Platelets were lysed immediately and cytoplasmic actin filaments were sedimented by centrifugation at 15,600 X g for 4 minutes. The platelet membrane skeleton was isolated from 15,600 X g supernatant by centrifugation at 100,000 X g for 3 hours. Precipitates were resuspended in one-tenth original volume with an equal volume of modified Tyrode's buffer and lysis buffer. Each sample was analysed by SDS-PAGE, and immunoblotted with the anti-GPIbα antibody SZ2. Results are representative of three experiments. MG, microgravity.
What is known about this topic?
− People have long been troubled by the serious thrombotic and haemorrhagic problems or even fatalities evoked by either microgravity or hypergravity which commonly occurs in the world, such as crewmen in space, roller coaster riders, and aircrew subjected to high-G training. − Many efforts have been made to explore the mechanisms underlying the gravity change related thrombotic and haemorrhagic diseases. The decrease in blood volume resulting from water deficit in human body during space is a risk factor for thrombotic-ischemic diseases. The abnormalities in the cardiovascular system evoked by gravity change, such as coronary vasospasm, sustained rise in heart rate, and arrhythmia have been thought to play roles in the development of the thrombotic and haemorrhagic diseases. − However, these risk factors only suggest the thrombotic and haemorrhagic tendency, the role of platelets which is the primary player in both thrombosis and haemostasis is still unknown.
What does this paper add?
− In this manuscript, we report that the platelet function is inhibited in microgravity environments and activated under high-G conditions, which reveals a novel mechanism for gravity change-related haemorrhagic and thrombotic diseases. − This mechanism has important implications for preventing and treating gravity change-related diseases, and also suggests that the special attention should be paid to human actions under different gravity conditions.
Discussion
The data described in this study indicate that the platelet functions are inhibited in microgravity environments and activated under high-G conditions. The varied association of GPIbα with the cytoskeleton in response to gravity change may play a key role in gravity-related platelet functional variations. Platelets are very sensitive to many kinds of external stimulations in vitro, and the data show that platelet functional variation is slight in response to different gravity in the current research. Therefore, how to reveal the slight variations of platelet function and to rule out any non-specific influence on platelet is a great challenge. In order to overcome these obstacles, the following strategies were performed. First, PRP or washed platelets were incubated at 22°C for 2 h, allowing the platelets to recover to resting state, which would eliminate the effects of centrifugation on platelets during PRP and platelet purification. Secondly, to rule out the effects of time, environmental variations, or operational discrepancy on platelets, 1 G control sample was manipulated simultaneously with the micro-or hypergravity treated sample in every experiment and at each time point. Therefore, the parameters of 1 G control sample were not always united in Figures 1, 2, 3 , and 6.
Under high-shear rate conditions, platelet thrombus formation is initialed by the interaction between GPIb-V-IX and VWF (14, 37 ), so we mainly tested the GPIb-V-IX-dependent platelet function. The data indicate that platelet functions are inhibited in microgravity environments and activated under high-G conditions. To explore the mechanism of platelet functional variations, the surface expression of GPIbα was tested and found decreased under microgravity condition and increased in high-G circumstances. The GPIbα redistribution data further indicate that the interaction of GPIbα with the cytoskeleton was positively regulated by gravity. Therefore, it appears that the altered interaction of GPIbα with the cytoskeleton in response to different gravity may play a key role in the effects of gravity on platelet function. However, how gravity regulates the interaction between GPIbα and the cytoskeleton is still unclear.
Our studies suggest that altered platelet function incurred by high-G might contribute to thrombotic and haemorrhagic diseases or tragedies under high-G conditions such as amusement park rides and centrifuge training. With up and down, and rotatory acceleration/deceleration forces, even a relatively low speed roller coaster can exert three, or even six times the force of gravity on the body (38) . Some reports suggested that the abnormities in cardiovascular system evoked by amusement rides might be the risk factor for the victims (3, 4, 10) . The data present here suggest that the development of hypergravity-related thrombotic and haemorrhagic diseases is a complex process, and which is the main risk factor may be case-dependent. Furthermore, though the platelet functions were increased in hypergravity exposed platelets, no significantly increased P-selectin expression was observed (data not shown). These data suggest that though the functional state of platelets is altered, there are not substantial activated responses occurring without a trigger. These observations well correspond to the fact that most people do not develop thrombotic diseases under hypergravity conditions. However, for the peoples with pre-existence medical conditions or congenital cardiovascular system defect, the increased GPIbα surface expression in platelets under hypergravity environment is still a risk factor for thrombosis.
This study demonstrated platelet function was inhibited under simulated microgravity produced by the RCCS which is a generally accepted system to generate microgravity of about 10 -2 G on the ground (22, 23). More direct evidence of the effect of microgravity on platelet function comes from the space experiments on "Discovery" STS 51-C and STS 61-C, in which the platelets appeared to remain monodispersed and displayed markedly superior structural and functional integrity under zero-G compared with the platelets on the ground, indicating that platelets are in more resting (inhibited) state in space (39, 40) . However, there was also reported that platelet shape change and protein phosphorylation induced by ADP and thrombin are not sensitive to short periods of microgravity incurred by parabolic flights (41) .
Hindlimb unloading mimics the fluid shifts associated with microgravity; however, it does not eliminate gravity. Although hindlimb unloading in rodents has been generally used as a model to simulate some effects of spaceflight on the cardiovascular (25) and immune (26) systems, and the metabolic responses to antiorthostasis (24, 26, 27) , the mechanism by which this model affects platelet function still remains to be investigated. Actually, reports from Riley et al. provided direct evidence for the effects of gravity on platelet function in vivo (7, 42) . Up to now, while the reason for increased platelet activation in the rats after resumption of weight bearing is still unknown (7), the observations in our report indicate that the hypergravity conditions experienced during launch or reentry might play a key role.
Since the beginning of the Space Era, most attention has been paid to the cardiovascular system for thrombosis or haemorrhage episodes. However, the altered platelet function verified in this paper may play important roles in some space symptoms. Both the hyper-and micro-gravity environments are commonly experienced during the aerospace mission. Up to now, though severe platelet-related tragedy has not been reported in crew members, considering increasing public passion about space travelling, our study suggests that special attention should be paid to the effects of micro-and hypergravity on platelet function.
